A crude methanol extract of Goniothalamus andersonii J. Sinclair strongly inhibited elongation of lettuce (Lactuca sativa L.) radicles. We conducted bioassayguided purification of G. andersonii bark extract and obtained goniothalamin as the major bioactive compound. Its EC 50 values against elongation of lettuce radicles and hypocotyls were 50 and 125 µmol L −1 , respectively. Among the six species tested, timothy was the most sensitive to goniothalamin. Quantification of this compound in other Goniothalamus species suggested that the plant inhibitory activity of this genus is explainable by goniothalamin, with G. calcareus as an exception.
In the course of exploring potential replacements from natural sources of synthetic herbicides, which can persist in the environment and damage other organisms [1a,b] , we have focused on the ability of plant species to suppress the growth of weeds [1c] . Our preliminary screening study showed that crude bark extract of Goniothalamus andersonii J. Sinclair strongly inhibits the elongation of lettuce seedlings. Goniothalamus, a genus belonging to the family Annonaceae, consists of about 160 species of trees and shrubs, mostly found in tropical Southeast Asia [1d] . Phytochemical studies on Goniothalamus species have resulted in the isolation of styrylpyrone derivatives, quinoline and isoquinoline alkaloid derivatives, phenanthrene lactones, terpenes, acetogenins, and flavonoids [2] . In the present study, we isolated and identified the plant growth inhibitory compound from this species and quantified the active component in the bark of ten Goniothalamus species. Plant growth inhibitory activities of the compound against other species were also investigated to evaluate its potential as a natural herbicide.
A methanol extraction of the bark of G. andersonii was fractionated by liquid-liquid partition using n-hexane, ethyl acetate, n-butanol, and water. Evaluation of the inhibitory activity of the layers against elongation of lettuce radicles revealed that most of the activity of the crude extract was recovered in the ethyl acetate layer (Figure 1 ). The fraction corresponding to the most prominent peak on the HPLC analysis showed the strongest activity in this layer. The chemical structure of the isolated compound was determined as [(E)-styryl]-5,6-dihydro-2H-pyran-2-one by comparing its spectral data with those reported [3] . The absolute configuration at the 6-position was determined to be (R) based on the optical rotation of [] 28 D +128 (c 0.22, methanol), which was almost identical to that reported by Hlubucek et al. [4] , [] 20 D +135 (methanol). Thus, we concluded that the active compound was goniothalamin (1).
The inhibitory activity of 1 against elongation of lettuce radicle was evaluated (Table 1) hypocotyl elongation of lettuce were 50 and 125 μmol L −1 , respectively. The concentration of 1 in the crude bark extract was quantified using HPLC; the concentration was 35.6 mg g −1 dry weight. Using this value, the inhibitory activity of the extract of G. andersonii against the lettuce radical is presented as a graph in Figure 2 ; the horizontal axis represents the concentration of 1. The curve of the inhibitory activity of the extract and that of purified 1 are almost identical, thus indicating the major contribution of 1 to the total activity. The effects of 1 against elongation of the radicles of other plant species were also tested ( Quantitative analysis of 1 in bark samples of ten Goniothalamus spp. was conducted using HPLC (Table 2 ). Among them, the species that showed strong activity contained 1 at a concentration of more than 5.0 mg g −1 dry weight. In contrast, the other species that showed weak activity contained no detectable 1. Therefore, the plant growth inhibitory activity of the Goniothalamus species is explainable by 1. High concentration of 1 suggests that these plant materials are promising as mulch to suppress weeds. The only exception was G. calcareus, which showed activity, but 1 was undetectable. This observation suggests that plant growth inhibitory compounds other than 1 are present in this species.
Experimental
Plant materials: A bark sample of G. andersonii used for isolation of 1 was collected in Sri Aman, Sarawak, Malaysia, in October 2010. Other Goniothalamus spp. were collected from different localities in Sarawak, Malaysia in October-December, 2010. All the samples were dried in an oven for 24-48 h at 60°C.
Bioassay:
Seeds of lettuce (Lactuca sativa L. cv. Great Lakes 366; Kaneko Seeds, Maebashi, Japan), timothy (Phleum pratense L.; Snow Brand Seed Co., Ltd., Sapporo, Japan), pigweed (Amaranthus tricolor L. cv. Tricolor Perfecta; Sakata seeds Co., Ltd., Yokohama, Japan), white clover (Trifolium repens L.; Snow Brand Seed), Italian ryegrass (Lolium multiflorum Lam.; Snow Brand Seed) and Chinese milk vetch (Astragalus sinicus L.; Snow Brand Seed) were pre-germinated before bioassay. A filter paper (ø: 27 mm; no. 1; Advantec, Tokyo, Japan) was placed in a glass Petri dish (ø: 30 mm). The test solution was added to the filter paper and dried completely. After adding 0.7 mL of distilled water, 5 pre-germinated seeds were placed on the filter paper and incubated in the dark at 20°C for 52 h for lettuce and Chinese milk vetch, at 20°C for 48 h for pigweed and white clover, at 30°C for 47 h for Italian ryegrass, and at 30°C for 54 h for timothy. The inhibitory activity against the elongation of the radicles and the hypocotyls was evaluated by comparing their lengths with those of the controls.
Isolation of 1:
The bark of G. andersonii (10.2 g dry weight) was extracted with 80% methanol in water (400 mL) at room temperature for 2 weeks. The methanol extract was concentrated to 20 mL in vacuo and diluted with 50 mL of water. The solution was partitioned with n-hexane, ethyl acetate, and n-butanol (ca. 40 mL × 3 each). A small part (less than 0.1% equivalent) of the ethyl acetate layer was concentrated and subjected to preparative HPLC (a linear gradient from 0% to 100% methanol in water over a period of 50 min) to give 1 (3.5 mg, R t 44.5 min). HPLC was performed on a system equipped with a Waters 626 pump (Milford, MA, USA), a Waters 996 photodiode array detector, and a reversed-phase column (Inertsil ODS-3, 5 µm, 4.6 mm i.d., 250 mm length, GL Sciences Inc., Tokyo, Japan) at 40°C. The flow rate was 1.0 mL min −1 . Detection was at 254 nm. For quantification of 1, a weighed amount of bark was processed in a manner similar to the above and the content of 1 in the extracts was calculated by comparing the peak areas with those of the standard samples.
